INTRODUCTION
•¬ (1) m: concentration of antitoxin in the serum, CA: concentration of antitoxin in the toxin-antitoxin mixture, CT: concentration of toxin in the mixture, T: concentration of free toxin necessary to cause the reaction, K1: coefficient representing avidity of antitoxin In other words, test antitoxic serum was put into twofold dilutions with buffer solution and each dilution was mixed with an equal amount of high level of toxin (CT=100LR/1).
Then, after 2 hours at 370 C, each mixture was diluted 100 times with buffer and 0.1 ml of the dilution was injected intracutaneously into a normal rabbit. EXPERIMENTAL RESULTS
1.
Relation between the degree of specific contraction and the amount of antigen used As a basic experiment, the contraction of intestine sensitized against purified toxoid was proved in vitro to be the anaphylaxis developed by genuine toxoid. Namely, a guinea pigs was sensitized with antitoxic serum and 24 hours later, the intestine of the sensitized guinea pigs was taken out. Then, the doses of crude toxin and purified toxoid required to cause the same degree of specific contraction of the intestine were determined.
As the result of this, the specific contractions of the intestine caused by the same Lf dose of two antigens, the crude toxin and purified toxoid, were equivalent to the control contraction of the intestine caused by acetylcholine in the same concentration.
Therefore, the anaphylactic reaction observed was regulated only by Lf of the antigen and it has nothing to do with the protein content of the antigen. This finding is considered to give a basis to the opinion that these contractions of intestine are the anaphylactic reaction caused by the genuine diphtheria) toxin ). immediately after sensitization and again immediately before removing intestine for the determination of their respective antitoxic titers. Then, the dose of antigen (Lf) required for developing the specific contraction comparable in intensity to the one developed by acetylcholine in the concentration of 10-8 g/ml, was determined for the intestine of each animal.
And the relation between the reciprocal of the Lf dose used and the dose of antitoxin used for the sensitization was investigated.
The findings are shown in Fig 2. Namely, when the reciprocal of Lf used and the unit of antitoxin were transferred into log, a certain correlation was found between them (P < 0.01).
The correlation constant calculated was 0.907. log y-log 0.296=1.287 (log x-log 10.48) r=0.907 N=18 P<0.01
It is presumable, therefore, for the development of a contraction of certain intensity, the more the unit of antitoxin used in the sensitization, the amount of antigen required becomes the less. Accordingly, the reciprocal of Lf required to cause specific reaction comparable in intensity to that caused by acetylcholine in the concentration of 10-8 g/ml was used to represent the degree of sensitization.
In the next place, investigation was made on the relation between the degree of sinsitization of the intestine and the units of circulating antitoxin in the blood taken immediately before removal of the intestine.
As the result of this investigation, a certain correlation was found to exist between them (Fig. 3) . The correlation constant was 0.906 (P<0.01). Fig. 3 Relationship between the degree of sensitization and the circulating antitoxin titer.
log y-log 0.257=1.17 (log x-log 0.871) r=0.906 N=17 P<0.01
Namely, in the guinea-pigs which had been sensitized with the same antitoxic serum, the higher the circulating antitoxic titer, the less the amount of antigen required for the development of a contraction of certain intensity of the intestine. 3. Effect of precipitating and non-precipitating antitoxin in passive sensitization In the next place, an examination was done on the problem whether or not the effectiveness of antitoxin in sensitizing animals is dependent on the properties of antitoxin used. Two kinds of homologous antitoxic sera (A1 and A2) with different avidity were used for sensitization in order to examine the relation between sensitizing dose of antitoxin and the degree of sensitization resulted.
Intestines of sensitized guinea pigs were removed 24 hours after sensitization and the degree of sensitization was determined for each animal . In Fig 5, P1 represents the relation between the unit of antitoxin used and the degree of sensitization in the guinea pigs sensitized with the antitoxic serum A1 (65 units/ml, K1=0.36) . On the other hand, P2 represents the same relation in the guinea pigs sensitized with the antitoxic serum A2 (65 units/ml, K1=0.51). The antitoxin titer of these sera was the same as determined by Jensen's method the concentration of antitoxin (CA) contained in these sera., however, seems to be different.
As the result of calculation made by the equation (I), it was demonstrated that the ratio of CA between the two sera was as follows:
•¬ 
DISCUSSION
Quantitative studies on anaphylaxis have been carried out by many investigators. For example, Goodner & Horsfall (1937) 8> studied on the passive sensitivity to pneumococcal capsular polysaccharide and reported that the fatal anaphylactic sensitivity to this antigen can be caused by such a proportion of antigen to antibody as the amount of carbohydrate is slightly in excess of the amount necessary to satisfy the available antibody and if the amount of antigen is excessively large, the result will be negative. On the other hand, Kabat (1944) 9> reported that the best anaphylactic response (to ovalbumin) occurs in the region of large antigen excess and that the more antigen is necessary to cause severe anaphylaxis when too much amount of antibody is used for sensitization. These results will make us assume that there is the inhibition of reaction due to antigen excess or antibody excess in anaphylaxis as it is observed in precipitation.
However, the mechanism of anaphyhylaxis or allergy seems to be more complicated than the mechanism of precipitation.
Firstly, anaphylaxis is caused by antigenantibody reaction in the tissues and the circulating antibody seems to take no part in anaphylaxis but sometimes it even inhibits the occurence of anaphylaxis )10). Secondly, it is doubtful whether the degree of allergic reaction is only dependent on the degree of antigen-antibody reaction occuring in the tissues.
In other words, the stability of autonomous nervous system seems to have a great importance in determining the intensity of allergic reaction (Nakamura et al 1954).
In addition the individual difference in the stability of autonomous nervous system among experimental animals appears to be considerable. Accordingly, it would be dangerous to form an inference of the fundamental relation between the degree of allergic reaction and the amount of antigen TOXIN ANAPHYLAXIS AND ANTITOXIC IMMUNITY 651 Table 2 . Sensitizing capacity of nonprecipitating antitoxin.
* immediately before the removal of intestine ** required to cause a specific contraction compa rable to the one by acetylcholine in the concentration of 10-8 g/ml *** intestine removed 48 hours after sensitization **** intestine removed 72 hours after sensitization or antibody concerned from the findings obtained in anaphylactic shock . In the present study, therefore, in vitro anaphylaxis was applied, Namely, the contraction of a certain intensity of the sensityized intestine was designated in the term of acetylcholine concentration for the quantitative investigation of anaphylaxis.
As the results of this investigation, the inhibition of anaphylactic reactions due to antigen excess or antibody excess was not observed . Moreover, a certain correlation was assumed between the amount of antibody in the tissues and the amount of antigen required to cause the contraction of a certain intensity .
On the other hand, a number of investigators have studied the effectiveness of antibody in passive sensitization.
Especially , Kabat & Benacerraf (1949) 2) The more the amount of antitoxin exsisted in the tissues, the less amount of toxoid is required to cause the anaphylactic contraction of the same intensity. Moreover, a certain correlation is assumed between the amount of antitoxin in the tissues and the reciprocal of the dosis of toxoid required to cause the anaphylactic contraction. 3) Non-precipitating antitoxin of guinea pig is incapable of sensitizing guinea pig intestine.
